This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



26] 



CLONING VECTORS FROM PAPILLOMAVIRUS DNA 



387 



! |26] Eukaryotic Cloning Vectors Derived from Bovine 
Papillomavirus DNA 

By Peter M. Howley, Nava Sarver, and Ming-Fan Law 

SV40, the human adenoviruses, and the human herpesviruses are cur- 
rently being exploited and developed as viral vector systems for the tran- 
sient expression of foreign genes in permissive cells. Similarly, the LTR 
laments of cloned retrovirus DNAs are being used as components of 
gviral vectors to enhance transformation efficiency and integration into the 
Ipiosi chromosome. The finding that bovine papillomavirus (BPV) genome 
Remains exclusively extrachromosomal as a circular plasmid in trans- 
formed mouse cells 1 suggested the potential utility of the papillomavirus 
flpDNAs as plasmid cloning vectors for introducing foreign DNA fragments 
gpnto cells susceptible to papillomavirus-mediated transformation. We 
Remonstrated the utility of the subgenomic transforming segment of the 
ll-BPV genome as a eukaryotic cloning vector using the 1.62 kb fragment of 
fgihe rat preproinsulin gene {rl x ). 2 We describe here the use of BPV as a 
^cloning vector and recent experiments that permit the shuttling of plas- 
^;mids between eukaryotic and bacterial cells. 



^Materials and Reagents 

BPV DNA. The BPV-l genome was cloned from a cutaneous bovine 
Jflhropapilloma (isolate 307). 3 The genome consists of 7944 base pairs, and 
feihe complete nucleotide sequence is now known. 4 Only a specific 69% 
^subgenomic segment of the genome mapping between the BamHl and 
^JlindUl sites is required for transformation of mammalian cells 5 and au- 
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tonomous extrachromosomal replication." A detailed restriction cm, I, 
clease map of the BPV-1 genome indicating the specific subgenomic , , . 
forming segment is shown in Fig. 1. 

Cells. We have used the mouse C127 cells exclusively in our tr.m 
mation studies owing to the distinctive characteristic of the BPV-in.i 
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F.c. 1. Restriction endonuclease map of the BPV-1 genome. The restriction e,„l.„, 
denied fr^T"' ^ 8en ° me ind, ' Ca,ed - ThC map U " i,S and baSe ""-"be, in, , 

(^1/^.,,! , SeqU r Ce US ' nE ,he Hpal site as the m ° ma P uni '- 4 The "bee".'- 
(BamHllHmmX) transform.ng segment is indicated by the filled bar.' The transcript.'.. „ 
d-recnon and the extent of the genome represented by po.yadenylated xrJSgZZj. 

dLses h^H ? m ° USe Ce " S ^ indiCatCd by ,hC ° Uter arrOW " 8 Restriction en 

and TxhT rec °8 n '« s>tes ,n the BPV-1 genome includeB^/1,5^1,5,/11,^,,,1. s.. 
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transformed phenotype. 6 NIH-3T3 cells 6 and rat 3T3 cells 7 are also sus- 
%■ ceptible to BPV-mediated transformation. 

Methods 



Construction of Hybrid DNAs 

The BPV DNA used as a vector in all our experiments to date has been 
ihe 69% subgenomic transforming segment of the BPV-1 genome, extend- 
ing from the Hindlll site to the^amHi site. 5 ' 8 Modification of the termini 
of this segment with synthetic linkers does not reduce the efficiency of 
transformation. Earlier studies in this laboratory have indicated the 
pBR322 sequences covalently linked to the subgenomic transforming seg- 
ment of the bovine papillomavirus is inhibitory to cellular transformation. 
For this reason, hybrid DNAs have been constructed in such a way as to 
;il)ow for the physical separation of the pBR322 sequences from the re- 
r ; n^ajnder of the BPV-hybrid molecule. This is accomplished by modifying 
|. the termini between the BPV-hybrid and the pBR322 portions of the DNA 
^ to homologous restriction endonuclease recognition sites that are not pre- 
^ sent elsewhere in the molecule. Cleavage with the appropriate restriction 
f| endonuclease, therefore, separates the molecule into its pBR322 and 
^ B PV-hybrid moieties. The inhibition of transformation occurs only when 
the pBR322 sequences are covalently linked to the BPV-hybrid portion, 
thus it is not necessary to purify the viral DNA sequences away from the 
; pBR322 sequences prior to transfection. 
^ : The steps involved in a typical construction of a hybrid DNA contain- 
Ill -ing pBR322 and BPV sequences is diagrammed in Fig. 2. 2 The source of 
T/.ihe-DNA to be cloned is the 5.3 kb fragment of the rat preproinsulin gene 
%irl } y i cloned in pBR322 at the BamHl site. A 1.62 kilobase (kb) segment 
Jltohlaining the coding sequences of the rl x gene, its intervening sequence, 
fend the regulatory signals at the 5' and 3' ends was generated from the 
fll' toned 5.3 kb DNA by a BamUl and Hindi restriction endonuclease di- 
gestion. After two purification steps through agarose gels, the DNA was 
^ieetroeluted from the gel, extracted with phenol, and precipitated with 

Dvoretzky, R. Shober, and D. R. Lowy, Virology 103, 369 (1980). 
^ili. Binetruy, G. Rautmann, G. Menequzzi, R. Breathnach, and F. Cuzin, in "Eukaryotic 
vir;i | Vectors' 1 (Y. Gluzman, ed.), p. 87. Cold Spring Habor Laboratory, Cold Spring Har- 
S^-boi , New York (1982). 
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cthanol. Synthetic Hindlll linkers (Collaborative Research) were joined 
to the Hindi site, and the products were digested with Hindlll to gen- 
erate ends with monomeric linkers. 10 The modified 1.62 kb fragment was 
then ligated to the 4.0 kb fragment of the BamHl-Hindlll cleaved 
pBR322 DNA, and the ligation mixture was used to transform Escherichia 
coli K12 (strain HB101). 11 Plasmid DNA from ampicillin-resistant, tetra- 
cycline-sensitive colonies was isolated after an amplification step with 
chloramphenicol 12 and analyzed with restriction enzymes for the presence 
of the 1.62 kb fragment insert. One such plasmid, prl 2 (1.62 kb) was se- 
lected for further study. 

The 69% transforming region of BPV-1 was excised from pBPV 69T by 
BamUl and Hindlll codigestion, purified on an agarose gel, and ligated to 
gel-purified 1.62 kb fragment of prl x (1.62 kb). After digestion with Hin- 
dlll, the products were ligated to 7/mdIII-cleaved pBR322, and a ligation 
mixture was used to transform susceptible E. coli HB101 cells. DNAs 
from ampicillin-resistant, tetracycline-sensitive colonies were analyzed 
for the presence of the 1 .62 kb insert, and the positive colony thus identi- 
fied (pBPV 69T -rIi) was amplified in E. coli HB101. 

A number of different BPV 69T cloning vectors have been generated in 

-'"■T. Maniatis, R. C. Hardison, E. Lacy, J. Lauer, C. O'Connel, D. Quon, G. K. Sim, and 

A. Efstratiadis, Ceil 15, 687 (1978). 
" K. W. Hutchinson and H. O. Halvorson, Gene 8, 267 (1980). 
" D. B. Clewell, J. Bacteriol. 110, 667 (1972). 



Fig. 2. Construction of pBPV 69T -rl, . A 1.62-kb segment containing the coding sequences 
of the r/, gene, its intervening sequence, and the regulatory signals at the 5' and 3' termini 
was generated from the cloned 5.3-kb DNA by aBamHl + Hindi digest. After two purifica- 
tion steps through agarose gels the DNA was electroeluted from the gel, extracted with phe- 
nol, and precipitated with ethanol. 32 P-labeled synthetic Hin dill linkers (Collaborative Re- 
search) were joined to the HincW site, and the products were digested with Hin dill to 
generate tails with monomeric linkers. Modified 1.62-kb fragments were then ligated to the 
4.0-kb fragment of Bamm + Hin dill -cleaved pBR322, and the ligation mixture was used to 
transform Escherichia coli K12 strain HB101. Plasmid DNA from ampicillin-resistant, tetra- 
cycline-sensitive colonies was isolated after an amplification step with chloramphenicol and 
analyzed with restriction enzymes for the presence of the 1.62-kb fragment. A recombinant 
plasmid, pBPV 69T , containing the 69% transforming region of bovine papillomavirus 1 DNA, 
has been described. 3 Viral DNA was excised from this recombinant by Bom HI -I- Hindlll 
digestion, purified on an agarose gel, and ligated to the gel-purified, 1.62-kb fragment of prl, . 
After digestion with Hintlll, the products were ligated to ////idlll-cleaved pBR322, and the 
resulting DNA was used to transform E. coli strain HB101. DNA from ampicillin-resistant, 
tetracycline-sensitive colonies was isolated and analyzed with restriction endonucleases. 
One of the colonies containing the recombinant DNA (pBPV 69T -rI,) was isolated, amplified, 
and used for subsequent studies. Reprinted from Sarveref a/., 2 with permission. 
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TABLE I 
BPV 69T Cloning Vectors 



Vector 0 



Plasmid 
segment 



BPV-1 insert 



PBR322/BPV Ctonablc 
junction* sites'" 



pBPV 69T (52- 1 ) pBR322 69% transforming segment 
pBPV 69T (69-6) pBR322 69% transforming segment 



pBPV 69T (70-20) pBR322 69% transforming segment 



Xhol 
Sail 



Sail 



BamHl 

BamM\ 

Xbal 

Xhol 

BamW\ 

Hindlll 

Xhol 



n Unpublished data of M.-F. Law and P. Howley. 

* Restriction endonuclease sites generated by Escherichia coii DNA polymerase I 
(Klenow fragment) fill-in reaction and synthetic linkers at junction between pBR32^ 
and BPV-1 DNA sequences. Cleavage with this enzyme separates the molecule into 
hybrid DNA and pBR322 moieties. 

* Unique sites present on BPV-1 side of pBR322/BPV-l DNA junction suitable for the 
insertion of foreign DNA segments. 

pBR322 or into pML2, a deletion derivative of pBR322. 13 These hybrid 
DNAs have been constructed using fill-in reactions and synthetic linkers 
to create new restriction endonuclease sites at the junction of the BPV 
and pBR322 sequences. Unique clonable restriction endonuclease sites 
are located in these plasmid vectors for the insertion of foreign DNA seg- 
ments to generate hybrids, which can then be separated from the pBR322- 
derived sequences by a single restriction endonuclease cleavage. 14 A list- 
ing of some of these vectors are presented in Table I. 

Transfection ofEukaryotic Cells 

Several methods are currently available for delivering naked DNA 
into eukaryotic cells. These include the calcium phosphate method, 15 the 
DEAE-dextran method, 16 - 17 and more recently the protoplast fusion tech- 
nique. 18 We have tested these three methods, and they are discussed. 

As mentioned above, a variety of cell types are susceptible to BPV- 

13 M. Lusky and M. Botchan, Nature {London) 293, 79 (1981). 

M M.-F. Law, B. Howard, N. Sarver, and P. M. Howley, in "Eukaryotic Viral Vectors" 
(Y. Gluzman, ed.), p. 79. Cold Spring Harbor Laboratory, Cold Spring Harbor New 
York, 1982. 

15 F. L. Graham and A. J. van der Eb, Virology 52, 456 (1973). 

16 J. H. McCutchan and J. S. Pagano, J. Natl. Cancer Inst. 41, 351 (1968). 

17 L. M. Sompayrac and K. J. Danna, Proc. Nad. Acad. Sci. U.S.A. 78, 7575 (1981). 
Ifl W. Schaffner, Proc. Natl. Acad. Sci. U.S.A. 77, 2163 (1980). 
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mediated transformation. These include the C127 cells derived from a 
SiSr of an RII1 mouse, the NIH-3T3 cells,' and the F.sher rat 
3T3 cdls 7 In our laboratory, the bulk of our experience has been with the 
C127 cells. To ensure reproducibility from experiment to experiment, we 
^out nely use early-passage cells that have been frozen in parallel. We 
cZ Z cells from 1 vial for approximately 8 passages before returmng 
ioZ early-passage freeze-down. One day prior to transformation, the 
ceuTare split and seeded at approximately 5 x 10* cells per 60-mm issue 
culture dish. This initial cell density gives a 50-75% confluency level after 
24 hr The medium is changed 3-4 hr prior to transfection 

Calcium Precipitation. The procedure is a modification of that first de- 
scribed by Graham and van der Eb.» A sterile 2x CaCl 2 solut,on is dis- 
pensed into a sterile tube, and carrier ™*<>^»^^™££ 
salmon sperm DNA) and the desired amount of recombinant DNA are 
Kde^uch that the final DNA concentration in the transtejU^Uul 
will be 20 ptg/ml. A second tube contains an equal volume of ^sterile 2 x 
HeBS solution [280 mM NaCl, 50 mM HEPES (Sigma), 1.5 mM 
Na,HPO< pH 7.10 ± 0.05]. This buffer may be stored in ahquots at - 70 
fh pXthyfene tubes until use. The sterile 2 M calcium chloride solution 
■Vs^ du£ be made fresh or be stored at -20 in plasttc tubes until 

: ' re th?c7precipitate is formed by adding the 2 x CaCl 2 -DNA solution to 
the tube containing the equal volume of the 2 x HeBS solution. This^s 
accomplished by inserting a 1-ml sterile cotton-plugged P1 pette nto he 
mS tube containing the 2x HeBS solution and gentfy 
m xture by blowing bubbles while the 2 x DNA-calcium chlonde solution 
™lwly added. The calcium phosphate DNA precpitate is al owed to 
form w Lut further agitation for 45 min at room temperature. It is then 
m,™ed genUy and applfed (0.5 ml per plate), at an equivalent concentra- 
S of approximately of recombinant DNA per plate, directly into the 

. ^^S^SS^^ p' ate - The precipitate is allowed t0 rema,n on 

^^he efficienc^ofDNA-mediated transformation with calcium precipi- 
tateTincre^sed by treatment with DMSO or glycerol 4 hr after transfec- 
Z 5 W ^ there Je have used this method routinely in our tnn?£tt» 
Sdies Since the toxicity levels of these agents may vary with different 
S I tvnes the toxicity should be titrated with the desired agent and a sub- 

SdS^^^ cells - The sh ° Ck treatment " M n f0B0WS - F h ° e U ; 
Ss SL transfection, the medium is removed the cells are washed 

/^Jl fresh medium containing 10% fetal calf serum and dramed. 
.' " N. D. Stowe and N. M. Wilkie, J. Gen. Virol. 33, 447 (1976). 
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Analysis ofDNA in Transformed Cell Lines. Total cellular DNA is e.\ 
tracted from the cell lines by the method of Gross-Bellard 20 and analyye.l 
by the Southern blotting technique." The DNA is either treated with .. 
restriction endonuclease or lightly sheared by passing 10 times through ., 
25-gauge needle and electrophoresed through a 0.6% agarose gel Afie. 
depunnation and denaturation in situ, the DNA is transferred onto a nitro 
cellulose membrane (BA85, Schleicher & Schuell Co). The nitrocellulose 
filters are then hybridized under standard conditions with a nick-trans 
lated 32 P-labeled probe prepared according to the technique of Rigby , ■/ 
al. After hybridization, the filters are washed and exposed to X-ray films 
as previously described. 1 

Transcriptional Analysis. Polyadenylated cytoplasmic RNA can be 
isolated from the transformed cells and the RNA analyzed for the pres 
ence of transcripts complementary to the cloned foreign DNA segmeni 
using the Si endonuclease and exonuclease VII mapping methods of Berk 
and Sharp." An example showing the SI endonuclease and exonuclease 
VII analysis of rat preproinsulin RNA in mouse cells transformed by the 
BPV-rl, hybrid DNA is shown in Fig. 4. 2 < In this analysis, polyadenylale.l 
RNA is hybridized to a uniformly labeled 3 *P-labeled probe under condi 
tions that will favor the formation of RNA-DNA duplexes. Hybrids thus 
formed are treated with either Si nuclease or exonuclease VII The for 
mer hydrolyzes the single-stranded DNA tails at the 3' and 5' termini of 
the duplex molecule as well as the unhybridized intervening sequences 
within the gene. The resulting products, analyzed on alkaline agarose 
gels, thus represent the exons present in specific messenger RNAv 
(mRNAs). Exonuclease VII, on the other hand, digests only the single- 
stranded termini, but not internal single-stranded loops. The size of the 
fragment, therefore, corresponds to the size of the intron plus the exons 
of the gene. 

Protein Analysis. The protein analysis can be done in a variety of 
ways. If the inserted foreign DNA encodes a biologically active protein ;i 
biological assay can be utilized to assess the synthesis of the protein. Al- 
ternatively, a radioimmunoassay may be utilized to detect small levels of 
the protein either in cellular extracts of the transformed cells or in the 
media. Finally, the identify of the protein can be established by specific 

M M. Gross-Bellard, P. Oudet, and P. Chambon, Eur. J. Biochem 36 32 (1973) 
" E. M. Southern, J. Mol. Biol. 98, 503 (1975). 

a P. Rigby, D. Rhodes, M. Dieckmann, and P. Berg, J. Mol. Biol. 113, 237 (1977) 
23 A. J. Berk and P. A. Sharp, Proc. Nail. Acad. Sci. U.S.A 75 1274 (1978) 
" N " S ,T Ver, r ?r?A M " R LaW ' °- Kh ° Ury ' and P - M " Howle y. '« "Developmental Biol- 
Yort 19f 1 " Br ° Wn ^ C ' R ' F °- ' edS )> 547 ' Academic New 
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F.G 4 Poly(A)-selected RNA from 2 x 10- and 5 x 10* cells (lanes a and b, respectively) 
wer^ mixed wf t „ /o.OOO cpm of ^labeled ra« preproinsuHn DNA (2 x cp^g pun 
from recombinant SVLl-rl, virus by HaeU-BamHl *^™-\7*™^™*££, 
luted with ethanol, resuspended in 20 ,d offormam.de buffer, and hybnd.zed for 3 hr at 50 

NA DNA duplexes were treated with endonuclease SI or exonuclease VI and the d,- 
fests were analyzed by electrophoresis through a 1.4% alkahne agarose gel. The gel was 
gests were ana.y y * f h , indicate tne size m base pairs of 

"vTDNA slgme s. & Sblse species represents the ™ 
bbe.^DNA protected by authentic preproinsulin mRNA is ^^'^^ 
ndonuclease S 1 analysis and 563 nucleotides for exonuclease ™J^™£fZ£ 
contained no added RNA; insulinoma: RNA from rat .nsulmoma cells SVLl-rl, . RNA Irorn 
AGMK cells infected with SV40-insulin recombinant DNA; NS8: RNA from BPVm-rl, 
Snned celU The diagram depicts the classes of DNA fragments expected .f only msu- 
ZSSS^L are involved in transcription. Reprinted, with permiss.on, from Sarver 
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radiolabeling and immunoprecipitation. The identity of the protein was 
established as that of rat proinsulin by competitive immunoprecipitation 
studies followed by analysis on SDS-polyacrylamide gels. Cells in 100-ml 
plates were washed for 3 hr before labeling with Earle's balanced salts 
containing 5% normal medium and 2% dialyzed fetal bovine serum anil 
labeled in the same medium with 200 jjlQ of L-[ 35 S]cysteine per milliliter 
(New England Nuclear Corp.) for 4 hr at 37°. Lysis of cells was per- 
formed in 1 ml of Tris-buffered saline (pH 7.6) containing 1% Nonidct 
P-40, 1 mM dithiothreitol, 2 mM phenylmethylsulfonyl fluoride, and 
2 mM Af-tosylphenylalanine chloromethyl ketone. The labeled irnmu- 
noreactive proteins were then immunoprecipitated with antibovine insu 
line serum. For competitive binding studies, the antiserum was first neu- 
tralized with bovine insulin (2 /xg of bovine insulin per 6 yal of antiserum 
for 30 min at 4°), after which the mixture was added to the samples. Ex 
amples of the immunoprecipitated material from cell extracts (Fig. 5A) 
and from the medium of the transformed cells (Fig. 5B) are shown. 

Comments 

There appear to be two limitations in using BPV as eukaryotic cloning 
vector: (a) the limited host range due to the dependence of the BPV-in 
duced transformed phenotype as the selective marker; and (b) the cis-in 
hibition by pBR322 sequence on BPV-induced transformation. These two 
shortcomings, however, may now be circumvented. 

The host range of this BPV vector system may be extended by the u se 
of a dominant selective marker in conjunction with the BPV transforming 
region. Experiments have been performed to evaluate the utility of the E. 
coli xanthine-quanine phosphoribosyltransferase (XGPRT) gene {gpt) as 
the dominant selective marker for the BPV-induced transformation of 
C127 cells. 14 A 2.2 kb BamUl fragment containing the E. coli gpt har- 
bored in a modified transcriptional unit of the SV40 early region 25 was in- 
serted into the unique Bam HI of pBPV 69T (52-1), and the resulting recom 
binant molecules, after the removal of pBR322 sequences were 
transfected onto CI 27 cells. Transformants were selected for the expres- 
sion of the BPV transforming region, which induced phenotypically trans 
formed foci in regular medium, or for the expression of the E. coli gpt. 
which enabled transformed colonies to grow in HAT medium containing 
xanthine and mycophenolic acid. 14 Cell lines established from individual 
foci selected for one phenotype were then assayed for the second pheno 
type. A tight linkage between the two selective markers was established 
in that 30 of 36 lines transformed with the recombinant DNA molecules 
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TABLE II 






Transformation of Mouse Cells by BPV Hybrid Plasmids 










Transformants//i.g/ 1 0 6 








cells 






Bacterial 


BPV DNA 






Plasmid 


segment 


insert 


Cleaved 0 Uncleaved 


PBPV 69T (17-6) 


pBR322 


69% transforming segment 6 


81, 57 


2, 5 


PBPV 69T (54-2) 


pML2 


69% transforming segment* 


56, 46 


1,3 


PBPV (8-2) 


pBR322 


BamHl linear 


>200 


2, 5 


pBPV (142-6) 


pML2 


BamHl linear 


>200 


>200 



" The hybrid recombinant DNA has been cleaved at the restriction endonuclease sites 

forming the BPV DNA/prokaryotic plasmid junctions. 
b The subgenomic transforming segment is the large HindUl-BomHl fragment. 



exhibited co-expression of the two phenotypic traits. The orientation of 
the E. coli gpt insert relative to the direction of BPV-1 transcription had 
no effect on expression. When DNA of these cell lines were examined by 
blot hybridization, the majority of these lines contained the hybrid DNAs 
in a plasmid state. It should be noted that a high proportion of the cell 
lines selected exhibited DNA rearrangement in these molecules. The rea- 
sons for these rearrangements are not known. This instability could be a 
result of the expression of the£. coli gpt in eukaryotic cells; alternatively, 
it could be the result of specific SV40 DNA sequences present in the 
BPV 6ffr -SV2gpt hybrid molecules, or finally, this instability may be inher- 
ent to the use of the 69% subgenomic transforming segment as a vector 
(see below). Experiments are underway utilizing other dominant selective 
markers in conjunction with other transcriptional regulatory signals. 

The cis-inhibition of pBR322 on BPV DNA-mediated transformation 
has limited the effective use of BPV DNA as a plasmid vector for shuttling 
jzenes between eukaryotic cells and bacteria. More recent results, how- 
ever, demonstrate that this limitation can be circumvented. It appears 
that the sequences in pBR322 that are inhibitory to the replication of SV40 
sequences in monkey cells 13 may also be responsible for the inhibition of 
BPV plasmid replication in mouse cells, and hence BPV DNA-mediated 
transformation of mouse cells. Whereas the complete BPV-1 genome 
cloned in pBR322 at the BamHl site can efficiently transform C127 cells 
only after cleavage from the pBR322 sequences, the same full-length 
BPV-1 DNA cloned into pML2, the 4 'poison sequence" minus derivative 
of pBR322 can efficiently transform mouse cells with or without such 
cleavage (Table II). 26 Surprisingly, the 69% subgenomic transforming seg- 



(1981). 



2fi N. Sarver, J. C. Byrne, and P. M. Howley, Proc. Natl. Acad. Sci. U.S.A. 79, 7147 (1982). 



Pit' 



If 



Iff 



I-i 

'V:-'- . 

€- 
i! 

is' 



Isi 

t&ilP 




400 



MONITORING CLONED GENE EXPRESSION 



126) 



-j 

CO 

z 
o 

cc 
a 



> 





00 


</> 


</> 


z 


z 



CM 

(A 
Z 



o 



- * - + - + 



+ - 



46.0 


K 


25.7 


K 


18.4 


K 


12.3 


K 



6.2 K 

3.0 K 




Fig. 5. Cells in 100-mm plates were labeled with 715 /xCi (200 /xCi/ml) of [ 35 S]cysteine for 
4 hr at 37°, and the proteins were recovered as described. 2 Samples equivalent to medium 
from 10 6 cells or extracts from 1.5 x 1 0 6 cells were immunoprecipitated with hamster antibo- 
vine serum for 16 hr at 4°. In competitive binding studies the antiserum was first neutralized 
with 2 fig of bovine insulin (30 min on ice) before it was added to the samples. Immunopre 
cipitated proteins were analyzed on sodium dodecyl sulfate-polyacrylamide gels. NS6. 
NS8, and NS24 are cells transformed by BPV 69T -rI, DNA. ID14 are cells transformed by 
bovine papillomavirus. (-) No competition; (+) with competition. (A) Analysis of celluhn 
extracts on a 10 to 17% polyacrylamide linear gradient gel. (B) Analysis of proteins secreleil 
into the medium on a linear 16% polyacrylamide gel. Migration of u C-labeled markers and 
u C-labeled bovine proinsulin is indicated. Reprinted, with permission, from Sarvere/ ai/ 
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by transformation of susceptible bacteria, thus demonstrating the ,|..i;t»- ) 

to use BPV-pML2 hybrids as shuttle vectors." In our labor: y 

have demonstrated a similar activity in a human growth hormom- l>\* 
segment, a 5.3 kb rat preproinsulin DNA segment, and a rat „ iii.„„i 
Spv DNA x / T e f m L ent - M Ea ch of these DNA segments when cloned i„,„ * : 
™ 69T 7, ybnd stimu,ate tne transformation efficiency of m„„^ 

C127 cells. The nature of the sequences that result in this stimulation .' ' 
the molecular basis for this biological effect are not known and arc un.]^ 
investigation. 
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[27] High-Efficiency Transfer of DNA into Eukaryoti. 
Cells by Protoplast Fusion 

By Rozanne M. Sandri-Goldin, Alan L. Goldin, 
Myron Levine, and Joseph Glorioso 

Protoplast fusion is a method for directly transferring cloned Dna 
rom bacteria to mammalian cells at high frequency. This technique 
like calcium phosphate precipitation,-* DEAE-dextran precipitator 
direct rmcro.njection, 8 -" or the use of liposomes as carrier vehicles 
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does not require the isolation or purification of the cloned DNA se- 
quences to be transferred. As first reported by Schaffner, 15 cloned SV40 
t DNA was transferred directly from bacteria to mammalian cells by con- 
* verting the bacteria to protoplasts and then fusing with mammalian cells 
using polyethylene glycol. We have modified the protoplast fusion proce- 
dure of Schaffner 15 and have shown that cloned herpes simplex virus type 
: 1 (HSV-1) sequences can be transferred to mammalian cells and ex- 
pressed at high frequency. 16 Furthermore, stable transformation of Ltk" 
cells 17 to a tk + phenotype by the HSV-1 tk (thymidine kinase) gene also 
occurred at high frequency in these studies. 16 Here we describe our proce- 
dure for protoplast fusion (see Fig. 1). 
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Principle of the Method 

The direct transfer of cloned DNA sequences from bacteria to eu- 
karyotic cells involves only two steps: the conversion of the bacteria to 
protoplasts or spheroplasts by digestion of the cell wall with lysozyme, 
and the fusion of the bacterial protoplasts to the animal cells with polyeth- 
ylene glycol. The second step presumably results in membrane fusion and 
hybrid cell formation, although this has not been demonstrated in the case 
of bacterial protoplasts and animal cells. In fact, ultrastructural analysis 
of plant cell protoplasts fused to bacterial spheroplasts indicated that the 
spheroplasts were taken into the plant cell cytoplasm by endocytosis, fu- 
sion being observed only at low frequency. 18 Whether the transfer occurs 
by membrane fusion or by endocytosis, genetic material carried by the 
bacteria is released into the eukaryotic cells and expressed at high fre- 
quency. 15 ' 16,18 " 20 
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Materials and Methods 
Eukaryotic Cell Lines 

High-frequency transfer and expression of genetic sequences follow 
mg protoplast fusion has been demonstrated with a variety of cell lin.-< 
We have used mouse Ltk" cells and Vero cells (an African green monk, 
kidney cell ,ne 1 In addition, two other African green monkey kid,,, 
cell lines, CV-1'"- and BSC-1," have been used as well as HeLa cells , 
" rvix c fcinoma line)," WI-38 (a diploid human fibroblast line . 
FR3T3 (a rat cell ],ne)» 3T6 (a mouse fibroblast line)," and two Chims, 
hamster ovary cell lines (CHO-Kl and Urd~A) - In addition to mam,,,:, 
lian cell lines, plant cells (Vinca rosea) have been used as recipienis ,, 
fusion experiments. 18 

Bacterial Strains 

The Escherichia coli strains that have been used include DH I ■■ 
HB101 I »•» and 1106.™ Agrobacterium tumefaciens was used in fusion- 
wit h plant cells » The choice of bacterial strain may be an important o>„ 
siderat.on. While Schaffner" and de Saint Vincent et al» have report.,! 
successful transfer using HB101, we found that this strain required . 
longer lysozyme treatment than DH-1 for conversion to protoplasts m.i 
once protoplasts were formed they lysed more readily than DH-1 pn.i.. 
plasts." Rassoulzadegan et al.™ found strain 1106 to be quite efficieni .„ 
producing stable protoplasts. 

Chimeric Plasmids 

Cloned DNA sequences shown to be expressed following transfer K 
protoplast fusion include the HSV-1 tk gene," HSV-1 sequences within „, 

nJf .So 8 " 1 ? 1 ° m thC IOnE region of the HSV - J genome,'* SV40 vi,:,l 
DNA polyoma early genes," a CAD gene from Syrian ham.su , 
cells an E. col, GPT (guanine-xanthine phosphoribosyltransfems, -.. 
gene inked to eukaryotic control signals, 19 and an octopine-type Ti nl , . 
mid. 18 . 

Formation of Protoplasts 

Escherichia coli K12 strain 1100 derivative DH-1 (, ec A I hsd K li\ ' 
M + NalA96*thi-l end Al supEtty was used as the donor for our pmi , ,' 
plast fusion experiments. DH-1 bacteria carrying the appropriate ph. •. 

!1 R. Sandri-Goldin and A. L. Goldin, unpublished observations 1982 
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~ . „ 0 in s0 m i 0 f M9 salts 22 containing 0.5% casamino 

,nd others 20 have found the chloramphenicol amplication step xooe 

Sea • SMI^y Rassoulzaiegan e, ./.» found no polyoma trans- 

was omitted. Mmiwiiy,^ o ^„ tMC * Crhnffner 15 observed 

lormants when this step was eliminated. In contrast » os 

Zler of copies might result in transient , ransferred 
After incubation w.th crJoramphenieol tl^e totena we 

,„ ii m l rnrex centrifuge tubes, centrifuged at 3000s lor 111 mm at* , 

to 25-ml L,orex wmuiugv , „v;ii~h incfe sucrose in 0.05 M 

I ns-HCl (pH 8.0) • L ^ y m * £ red solut ion of 5 mg of lysozyme 
se y) was added (0_5 ml of a fresWy p p mixture was held on ice 

per milliliter in 0.25 M 1 ns ™'V/L°J' „ R m dded to the sus- 

■ -, H Miller, "Experiments in Molecular Genetics," p. 431. Cold Spring Harbor Labora- 
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406 



MONITORING CLONED GENE EXPRESSION 



127) 



nonessential amino acids, 100 fig of streptomycin per ml and 100 U of 
penicillin per milliliter) containing 10% sucrose and 10 mM MgCl 2 . Lysis 
of the protoplasts occurred if the MEM was added too quickly. MEM w;i,s 
best added dropwise while gently agitating the tube to mix the solution. ' 
After the addition of 7.5-10 ml of medium in this manner, the remaindei 
was added somewhat more quickly. At this point the suspension was kept 
at ambient temperature for the remaining steps. The final suspension con- 
tained about 10 9 bacteria per milliliter and was added directly to the cell 
monolayers. 



Fusion of Protoplasts to Cell Monolayers (see Fig. I) 

Tissue culture cells were seeded in 24-well or 6-well dishes at 12-24 hr 
before the fusion so that cell monolayers were subconfluent (about 2 to 
4 x 10 4 cells/well of a 24-well dish and about 10 5 cells/well of a 6-well 
dish), Subconfluent monolayers were used to minimize cell-to-cell fusion, 
which results in polykaryocyte formation and reduced survival of fused 
cells. Medium was removed from the cells and either 1.0 ml (24-well dish) 
or 2.0-4.0 ml (6-well dish) of protoplast suspension was added to eaeli 
well. The ratio of protoplasts to cells was about 2 to 4 x 10 4 : 1. The proto 
plasts were pelleted onto the cells by centrifuging at 3000 rpm for 15 min 
in a swinging Microtiter dish TH-4 rotor of a Beckman TJ-6 centrifuge. As 
this rotor was designed for Microtiter dishes, not 24-well or 6-well dishes, 
the latter may be difficult to fit into the rotor. The dishes we used 
made by Costar and fit snugly into the rotor, although cracking of the top 
of the dish occurs occasionally. Spare sterile dishes are kept nearby to 
replace tops as necessary. After cent rifugation, the supernatant was n: 
moved by aspiration and the dish was drained by gently tilting. Care must 
be taken to prevent sloughing the pelleted protoplasts from the cell mono- 
layer. Two milliliters of polyethylene glycol solution (PEG) was added to 
each well of a 6-well dish or 1.0 ml was added to each well of a 24-well 
dish. The PEG solution consisted of 50 g of PEG-3000 (Sigma Chemical 
Co.) in 50 ml of MEM. This solution is most easily made by melting the 
PEG- 1000 at 65°, pouring 50 g into a 100-ml bottle, autoclaving the PEG in 
the bottle, and then adding 50 ml of MEM after the molten PEG has 
cooled somewhat but has not yet solidified (about 65°). The PEG solution 
was left on the cells for different times in various experiments. In general 
a 2-minute fusion time has worked well with Ltk~ cells as well as Vero 
cells, although Vero cells survive well after fusions of up to 4 min. The 
fusion time may have to be adjusted depending on the cell line used. Some 
cell lines, such as the HeLa derivative BU-25 or HEF, survived poorly 
after even short fusion times, so that the PEG concentration may have in 
be lowered with these cells. After the chosen time, the PEG solution was 
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Protoplasts are pelleted onto monolayers 

(3,000 rpm- I0-J5 minMRatio =z 2-4 xi0 4 protoplasts >ce//) 



PEG fusion (2-4 mm) 



Monolayers are washed 
| then incubated with 

medium ♦ kanamycin 

( 16-18 hrs I 




Cells are 
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After 24hrs, selective 
medium is added 

Fig. 1 . Schematic representation of the procedure for DNA transfer by protoplast fusion. 

removed and the plates were rinsed rapidly with 4 ml of MEM (1.5 ml for 
24-well dishes) three successive times, and fresh MEM containing 10% 
fetal calf serum and 100 (xg/m] kanamycin was added to each well. The 
kanamycin was included to prevent the growth of any bacteria which 
escaped conversion to protoplasts. Fused monolayers were incubated at 
37°. 
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Fused cells to be analyzed by immunofluorescence were seeded ,& 
tially onto glass coverslips at the bottom of the wells of 24-well dishes Ai ••,>-•* 
various times after fusion (usually 12-48 hr), the cells were fixed i»«M^ 
tone and then treated with the appropriate antibodies. When tk< irmsivS— 
for^°? S ,rr ? *" iS ° lated ' the fuSed cells were incubated* SttH 

IndfrTh m™ aft6r fUS, ° n> 31 WhiCh Ume thC mediurt was ^nn^fPf 
and fresh MEM containing 10% fetal calf serum was added. Incub ,.io„ 

37 was continued for an additional 8-12 hr, at which time cells were i , vol 

sinized, serially diluted, and reseeded in 25 cm 2 flasks. After 24 hr 

dnjmconta.ningHAT(15 M g of hypoxanthine, 1 M g of aminopterin Y,,j$ 

of thymidine, and 15 ^g of glycine per milliliter 3 ) was added to the II * 

t?™?? V T y ansformants ' Medium wit hout HAT was added to '£ 
tional flasks to determine the total number of cells surviving the f„si„« & 

Zrttr* Ce ," S T C rCfed CVery 3 dayS - Unselected co 'o"'es we, 
counted after 1 week, and tk + colonies were scored after 2 weeks IV ' 

colonies were picked with sterile toothpicks into 24-well dishes -.lie, i 

weeks a nd were routinely grown in MEM with 10% fetal calf serum cum 
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Results and Discussion 

The transfer of material from protoplasts to animal cells was iniii ,n v 
monitored by labeling DH-1 protoplasts with the fluorescent dye fluo.V 
cein isothiocyanate (FITC).'« One milligram of FITC was added to il„ 
protoplast suspension after the addition of 0.05 M Tris-HCl The label,-,) 
protoplasts were fused to Vero cells grown on coverslips for 1 2 3 A ,„ 
5 mm. One hour after the fusion, cells were fixed in acetone and observe,! 
under a microscope with epifluore scent illumination. In early exm r, 
ments, around 1-5% of the cells fluoresced after 4- or 5-min 'fusion- 
whereas in some later experiments up to 50% of the cells fluoresced ai m 
i- to 4-mm fusions. Fluorescence was not observed when protopl ,si- 
were pelleted onto monolayers, but no PEG treatment was used 

That DNA was transferred to the cells as a consequence of proton! ,m 
fusion was shown by in situ hybridization. '« Protoplasts containing .'hr 
plasmid pBR325" were fused to Vero cells (grown on coverslip"" ,!„ 
90 sec. Twenty-one hours after the fusion, cells were fixed, the DNA w 
denatured by boiling in 0.1 x SSC, and ^P-labeled pBR325 DNA was In 
bridized to the cells. In this experiment it was estimated that about l--y 
ot the cells showed hybridization to plasmid DNA. 

To determine whether transferred sequences were expressed, bacteri;, 

" F. Bolivar, Gene 4, 121 (1978). 
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carrying the plasmid pSG18" containing a 16.5 kb HSV-1 EcoRl fragment 
ins7rted nto PBR325 were fused to Vero cells, which were subsequently 
analyzed by immunofluorescence with antibody made agamst purified 
S^T virion^ • About 5% of the cells fused with these protoplasts 
Se ced whereas no fluorescence was observed when the fus.on was 
S^S'p^Hophm carrying P BR325 but 

level of exoression was consistent with the level of SV40 T antigen ex 
Z s^ ISrTi by Schaffner,* who fused CV-1 cells with strain 
S^rlplasts carrying the plasmid P BSV-3X which contains three 
tandem copies of the SV40 genome. More recently, Rassoulzadegan ,/ 
7- reported that as many as 100% of CV-1 cells and around 50% of 
FRBlSs were positive for T antigen expression when these ^Us were 
fused with strain 1106 bacteria carrymg the plasmid * h «* c °" 

tains the SV40 early region. This high percentage of transfer was ob- 
e'ved at bacteria : recipient cell ratios of about 10<. Transfer was less effi- 
cS^at lower ratios. As these authors have pointed out, differences in 
gpllion may reflect differences either in the f^^^ 
level of expression of various genes, for example HSV-1 genes as com 

following gene transfer by protoplast fusion. We ™ftn£ the plasmid 
riXI 26 which contains the HSV-1 ik gene in P BR322 to Ltk cells IK 
SueM^ayed by counting colonies after 2 weeks .i i HA se ective 
medium) were found at frequencies of up to one cell m 300-500, though 
frequencies of about 1 in IV are more usual. No tk* »^». 
when PBR322 alone was transferred. High frequencies of stable t a nstar- 
rnation have also been observed by others. Rassoulzadegan et al found 
The efficiency of focus formation following transfer of e.ther polyoma or 
^fSj genes in P BR322 plasmids was about 40 ' 
2 x 10* cells at an input ratio of 10* protoplasts per cell. These values are 
comparable to those observed after infection of the same cells with high 
mu m P licities of viral particles.*- Transformation 
0 1 to 0 5% of the recipient cells were also observed by de Saint Vincent 
who transferred three ^ f^J&^2L*S 

^^^^^^^^ 
7, 335 (1979). 

r Seif and F. Cuzin, J. Virol. 24, 721 (1977). 
- - R. Mulligan and P. Berg, Science 209, 1422 (1980 

R. Mulligan and P. Berg, Proc. Natl. Acad. Sa US.A 1* 2072 £*H) 
-» S . Subramani, R. C. Mulligan, and P. Berg, Mol. Cell. B.ol. 1, 854 (1981). 
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The transformed cell lines resulting from protoplast fusion gene trans- 
fer were stable in nonselective medium. We found that 7 cell lines grown 
from individual tk + colonies plated with equal efficiency in selective and 
nonselective media as soon as they could be tested after transformation 
and after 5 weeks in nonselective medium. 21 de Saint Vincent et al. 19 in 
vestigated the stability of five different CAD transformants and found 
equal plating efficiencies in selective and nonselective media early and 
after propagation of the lines in nonselective medium for over 100 genera 
tions. This stability is comparable to that seen in the stable transformanis 
resulting from microinjection 10 or transfection by calcium phosphate pre 
cipitation, 3 - 31 although numerous instances of unstable transformants 
have been seen with transfection. 3 ' 31,32 While it has not been reported with 
transfection or microinjection, we found that protoplast fusion resulted in 
about 20 — 30% abortively transformed colonies, which generally did not 
grow beyond 50-60 cells in selective medium. 21 

The stability of the successfully transformed cell lines may be a direci 
result of the integration of the transforming DNA into the chromosomal 
DNA of the recipient cell. Using Southern transfer analysis, 33 we have 
found that transforming tk DNA was integrated into high molecular 
weight DNA, 34 and de Saint Vincent et al. 19 reported that CAD gene DN A 
was similarly integrated into high molecular weight DNA. de Saint Vin- 
cent et al. 19 also used in situ hybridization to chromosomal metaphasc 
spreads to demonstrate that most, possibly all, of the CAD gene DNA 
was associated with a single chromosomal region in each transformed cell 
line. This suggests integration into cellular genomic DNA. 

We have analyzed the structure of the integrated DNA in three tk * 
(pXl) transformed cell lines by Southern transfers using four restriction 
endonucleases that cleave the pXl plasmid in 0 to 3 sites, respectively. 
The resulting filters were hybridized to the purified HSV-1 tk transform 
ing fragment of pXl , to the pBR322 vector fragment of pXl , and to £. coli 
DH-1 bacterial DNA. The following preliminary results were obtained. 

1. The pXl plasmid DNA was integrated primarily (if not exclusively) 
in one site in each of the recipient cell lines. 

2. The entire plasmid, including the pBR322 sequences, was present 
in each cell line. 

3. No rearrangements of the plasmid DNA were detectable. 



31 G. A. Scangos, K. M. Huttner, D. J. Juricek, and F. H. Ruddle, Mol. Celt. Biol. 1,111 
(1981). 

32 L. H. Graf, G. Urlaub, and L Chasin, Somatic Cell Genet. 5, 1031 (1979). 

33 E. M. Southern, J. Mol. Biol. 98, 503 (1975). 

34 R. M. Sandri-Goldin, A. L. Goldin, M. Levine, and J. C. Glorioso, in preparation. 
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4. The plasmid was integrated in a multimeric configuration in all of 

the cell lines. - , 

No hybridization of E. coli genomic DNA was found with any of the 
pXl fragments in the transformed cell lines. This does not rule out the 
"presence of bacterial genomic DNA in the transformants, however be- 
cause the highly complex bacterial DNA is an insensitive hybridization 
probe All the data are consistent with the integration of an intact multi- 
^eric plasmid into a single chromosomal site resulting in transformation 
of the recipient cell in these three cell lines. 34 

Summary 

Protoplast fusion is a highly efficient method for effecting gene trans- 
fer to cells in culture resulting in stable transformation at high frequency. 
■ A number of cell lines have been used successfully as recipients. There is 
I no need to isolate and purify the DNA, which not only saves time and 
effort but eliminates steps that cause nicking or breaking of large cloned 
inserts The high-frequency transformation achievable by protoplast tu- 
sion should make this procedure useful for studies on gene expression and 
for screening cloned genomic libraries for genes that can be expressed in 
recipient cells. 
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[28] Gene Transfer into Mouse Embryos: Production of 
Transgenic Mice by Pronuclear Injection 

By Jon W. Gordon and Frank H. Ruddle 

Transgenic mice are mice into which have been transferred cloned ge- 
netic material. Techniques for production of such mice have only recently 
been developed.' Consequently, exploitation of transgenic mice for stud- 
ies of mammalian gene regulation has only just begun. These studies have 
thus far shown that transferred sequences can be retained throughout em- 
bryonic development until birth, 1 that they can become integrated into the 
host genome and transmitted through the germ line to succeeding genera- 

• J W Gordon, G. A. Scangos, D. J. Plotkin, J. A. Barbosa, and F. H. Ruddle, Proc. Natl. 
Acad. Sc.. U.S. A. 77, 7380 (1980). 
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